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PROBLEM TO BE SOLVED: To obtain piezoelectric ceramics excellent in piezoelectric characteristics an 
mechanical strength and sinterable at relatively low temperatures. 

SOLUTION: This piezoelectric ceramic composition is represented by PbA[(Zn1/3Nb2/3)xTiyZrz]B03 in 
which 0.96<A/B<1 or 0.96<A/B<1. In the case of 0.96<A/B<1, the piezoelectric ceramic composition is 
obtained by adding a prescribed amount of at least one kind of oxide selected from Ta205, Sb203 and 
Nb205 thereto. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



<i9)b*b«*w (jp) 02) & ^ i£p It & ^ (a) (wmmwAm&n 

#^2001-181035 
(P2001-181035A) 
(43)^510 ¥/£l3*P7fl 3 0(2001.7.3) 



(51) IntCl. 1 a^IE^ FI M3-H 

C 0 4 B 35/49 C 0 4 B 35/49 S 4 G 0 3 0 

35/495 35/00 J 4G0 3 1 

H 0 1 L 41/187 H 0 1 L 41/18 1 0 1 F 



m&mx *st# a*«o»2 ol & 5 h) 



(21)fflS## 


ftmm 1-372987 


(7i) tap a 


000003067 














(22)fflK0 


¥t£l 1^12^ 28 0(1999. 12.28) 




«^R(p^KB2WS 1TB13S1^ 








(72)8^# 












J|C£SP+ *fc 0 *»-T a 13S 1 


















(72)28W# 












JlOK£&<FifeK 0 *ffi-T B 13S 1 ^ 


















(74)ftSA 


100064447 










#«± tob ie* (*i3€) 















(54) BE91<!>«lti jBE*fe53y*»S* 



(57) [Bft] 

Pbfl [ (Zni/3Nbi/3 )x Ti y Z 
i-z]b03 KfcUT. 0. 96SA/B<1 ££(4 
0. 9 6^A/Bglt*0. 0. 9 6gA/BSlT" 
A&^Wi. TaiOs, S b 2 03.Ry'Nb2 05*^iS 



1 

Pbfi [ (Z ni/3Nb2/3 ) x T i y Zr s ] BO3 

A. B. x, yfcJ:l>*ztiTle^ft: 
0. 96gA/B<l 
x+y+z= 1 
0. 0 5 S x S 0 . 40 
0. lgySO. 5 
0. 2gzS0. 6 

[11*112] riea*jM^: 

PUa [ (Zni/sNbz/s ) x T i y Z r : ] bOs 
(jW. A. B. x. y & J: z (ITIE^ff : 
0. 96gA/B^l 
x +■ y + z = 1 
0. 05SxS0. 40 
0. 1 SySO. 5 
0. 2SzgO. 6 • 

T. Ta 2 05, SbiOsS.tXNbzOs^^iMtfil^^ 
<i:i-fi<7)SS-fb^$:. 0. 2ll%J:^<^ol. 
0fi*%lXF<OicHlTi^JU LfeC t ^r^ffit-rsEm-t 

[000 1] 

5 5 -y ?ffifiS;$J. #IC, Pb (Zni/3 ■ Nb 2 /s) Os 
-PbTiOs-PbZrOs LT^trEH 

[0002] 

[$5fcO&ffi] ft*. Em-b 5 3 "jJXh LTPb ( Z 
ni/3 • Nbz/a) O3 -PbT i Os-PbZ rOs «t 
^h=Tt%&n.*L 7 5 •y^X^A.il (^BS4 4 - 
17344). ifc.i «H7n^E€-b 5 5 7? X(OiS 

? XfmhtlX^t ( t#£S34 5-39977). $ 6 

(C. 1$n@6 1- 1 2 9 8 8 sen. £bi#€3W'im 

W«S-&fli»»m±*BW4: LT. latfS&ETC^E't-t 

m=5$7?*rt<HK*$*l. ifc. ^¥3-2 5 63 
7 9(cli. «££>EHr5 5 7?*4'OPb. BaMS 

wa&i* 7 ■y*nmm&mm i . e*jbr* fat $ * 

[0003] 

[ %mmm ixottum] Em* * u . 
m.7 4ii>*-. E'ih7>-A. Emu 



(2) #112 0 0 1 - 1 SI 03 5 

2 

<m$tlX\^. +T' J o. Sfi^. Elf^fr. E17 
9 fax- *-*e>ff «8tt? tt*fifc . ffUL^'ji/C 

f - A X- ? - i L/C @ $ tL . ffi»$«tf>|SLL 

20 » t'E't-fe 5 5 y ? mfcm^mxh t.zt:. mmm 

(Zni/3 • Zbs/3) O3 -PbT i 03-PbZ rOs 
X 0 *S=7C»E«-fe'5 S XCfflffiMRl 1 2 0 

m^x-mmmsMm^iimitm-kia^ *<m 
#m=H>iizw*im*&. t s-frs ^ t *»(3 , .^7 

^ix^fiJ^S: 3 0%OTc-T4(C{i, A g — P d^ffiH 
J: 0. ftl£3Ute 1 1 5 O'CUT. M4 I- < (i 1 1 2 0 
■CtiTi-f l>^^t>4. ZiDtzib, »Pb (Zn 
1/3 • Nb 2 / 3 ) O3 -PbTiO 3 -PbZr03 ^<7J 

40 e*^ 557? mmx-WMWimimTz imt&# 

h 4 fcJ6C . v^OM&S: 2 0 

6fc{±. 1 0 5 0°CWT. Ms. Klil 0 0 

0 "CUT t-fl -mftfo h . MJiJcffl&#ffi < ^••Sdttc 

*$tt£* L *>o. jB/J^rai ^ tc Jul t 

50 afrfick-cft*. it«« 



(3) 

3 

ttv^urcjww i z t sEm-t 7 = 7 ^aisift 

[0004] 

b [ (Zm/3Nb2/3 )■ Ti» Zn]Os X'3k$ 
il^K-fb^ffl^tCfc w>T . P b cDJ^Jt£ 1 «t 0 *S 
&-;£*effl£ Lfc k S fc . £ 14 P b OJSmtrt* 1 ttT 
T£> o T . -feSLOT a 2 Os . S b 2 Os b 2 Os*» 

<fc tflMftttSftK t $ t I > '} ^X V * 

Pbfl [ (Zni/3Nb2/3 ) * T i jr Zr,] bOs 
(5». A. B, x. yUXVzimifk®-: 
0. 96SA/B<1 
x + y + z = 1 
0. 05SxgO. 4 0 
0. lgygO. 5 

0. 2SzS0. 6 20 

Pbs [ (Z ri l/s N b 2/3 ) x T i y Z rz] bOs 

A, B. x. yfcitXzJiTIB^ff: 
0. 96=SA/BS1 
x-f- y + z = 1 
0. 05SxS0. 4 0 
0. 1 gySO. 5 

0. 2Szg0. 6 30 
Zffitctm?StX°$>& ) r&Sirl>iWfcttfflj£«lk*f L 
T. TaiOs, SbaOsayNbaOsA^iitfill,^ 
< k *>HI<9iS-ft»& 0 . 2 Sft% J: ^<^ol. 0 
MM%0.Tff)Smxma Uz ZtzW<3Lt?& E«-fe y 
5 v 4. 
[0005] 

[»fl^at»»JB] IS«MftPbA [ (Zni/sN 
b2/3 ), Tiy Zrz]B03 (Cfe^T. fflj£it#. 
0. 9 6§A/B<l:fcJ:y'x + y+z = l (fcfc'U . 
0. 05gxS0. 40:0. lSy^O. 5:^X1/ 40 
0 . 2 S z S 0 . 6 X'hh ) k * (C. itttW 

ffiv ^iBjK-CJttfR LTi^# J: tflt*lffii*t£& 

fiKRSr*-fiBE«-fe5 S ->7Wm*\%hZ)iif>X% 

h . $witA/B *■ o . 9 6 j: < -rs k . mmm 
a x i/mmm.mm-^mw'h £ < & & . (zn 1/3 Nb 

2/3 ) «fflj£Jtxtt. itJnt4f5k1^$«i»tl> 

*\ Nb&m { mmT'h&<?>x\ mmiznT^x-h 

4 . x # 0 . 0 5 J: 0 'h* ^ t s fg«$ . 1EfttM*&& " 

A Jt y&xvzr mm z a , mmm . «at8M*s-& 50 



^2 00 1-1 8 1 03 5 
4 

owe** < . mzviy thah- y 9 mmm 

ifi**i?£U\ ziihco.$.frt>. *»Wte*JV^, fflfiJt 
Jtx, yfcitfztt, 0. 05gxg0. 40. 0. 1 
SySO. 5, tiitfO. 2gzS0. 6 (fcJt'U x 
+ y + z=lTA6;tiftttit«) X'&lZttfiS 

[0006] ±ISK-fl:^ffl^^ffl)SJ:t A/ B#0 . 9 
6SA/B g 1 ? ib4%^lCi5^T , tt«wffii^aK-c 

•y^ffl^ftSflifefttCU. Ta 2 05, SbjOsfc.fctf 

n b 2 06A»tatf^4^*< t . ±ie 

mmmiiuznLxmo. 2«txj:03K**o 
i.oo *fi%WT«oKffl-cmBn t 4 :tWF4U\ 
cix^^K-ftwr^pi;^. o. 2£ft%trrea* 
k . aaw^Mw-HJ-cntfsiir. i. omm 

[0007 ] ^WcDEm* 7 5 v ^dJAMtt. 
ffiKJ:oTIB6t4«It**aj*4. aj^lfffkLT. P 
bO, Ti0 2) Z1-O2, Z nOfeJ;iy : Nb205 t/di 

1 ) ;SrO.B a OtSil^C a 0*»4»jBtf*L*ilwSt< 

D'ftS-ft^ft (ISMt!ft2) :i3j:lXTa205, Sb 2 0 3 
&1>"N b 2 0 5 ;^jMl£ftl»^3:< k i-ooKfCtit^ 

3) *fflv^i;t*<as**. #««SMfc«j<!OBrSa*ff 
fits Ji*-;P5/u«*JSvvca«iB£**. Ktt3^ 
^jD-r4^tc(i, ig-ftft 1 *j j: tflWMti 2 nft^M6 

-bMbtLX. x^/-;^OT;^-i^itti; 

n^oii^r^fflti-ck^ss u\ ffi«mt+ 
#fca^Ufctt» ^soo-100 orj-c^ 1 -smrs 

/n? ^r/i' ^ ^ \t z ti t>cr>m-&mi&-&mk 1 1 

St&W&O. 5~2. Oxuiit^|,$tiTa 1 Ik* < »S 

^7/P3-/^) (ftO . 5~SSfi%) JPX 

■CS^-tl.. f#<bil^'<-XhS:^9S~3 9 2MPa 
( 1~4 t o ri/crii 2 <7)jggrl) COE.jj&iMrtTl' 

^. fl!20B£Mffiif^-r^ik^ffi*l>„ iK^t-. RKS 
»t. #79 60-1 2 0 0 , CT'^2~5B#H^L. E 



[ o o o s i wt, mmmizx x vmmz 
tm-th. 

immmi mm i -4 mxfvam i 

PbO, TiOz, ZrOi, Z n O&itA'N b 2 Os CO 

SfciagsSfi^LfcfiL 9 0 0trC2i$IBHKflSjitLfc. 10 
- 7 'J -«K**4 0 - 5 0 %(c£ l. J: 5 

JnU 39. 2MPa (40 0kgf/cm«»jj|t 
fl ) OE^t—tMPE^M L . §S>fc392MPa (4 
t o n/cm^f) OE^ T ^ff RgS L 

■ffflKT 2 B^^+Tl&ft L-CJIIt-fe 5 S -y ? A fcf# 

7Hnl*3<J:t/^-<>-y^JnX(CWC, 1. 2mrnX 20 
1. 2mmX5. Omm«ftt^#IL/-c. 
PfiSfciR'*-* h £EpfflU 7 0 CTCT'^ WtU.: 

fc. iOi dCLTft&itfc^r^fc 2 4i$I^BL 

ifctfc, £<Wy7VU9k 3 3. e d ( 1 k H z ) Jtf 
d 3 3 £•< yf-/yxrt54f-HP4 1 94 A 
(hi-t/7 h^<«//r-KttS8) *fflHTEMAS-6 

£ , Slix 7 -f X far , 9 7 7°faX£ J: tf^-f v V 30 
X(C*>(tT 2 m rn X 4 in m X 0 . 6 rn m ( )J§ ) > * 



(4) #^2 001-181035 

6 

$iMMffl&£mmi. jis ( r 1 6 0 1 ) tfitota 

ft. 'Fft 2. OmmO. 5mm/min. X'h-o 

|»J 5 - 1 3 iS J: Jfc&ffl 2- 7 
PbO, TiCh. ZrOz, Z n Ofc XlfN b 2 Os (0 
4Ht^ft S: - £«7«#^ 2 CSKSftS * 7Htfc&* J: 
ot?g£U -5-LtTa20 5 , S b 2 Os£J:t/Nb 2 05 

MJtififfI 1 ~4 1 RK(c LT^y^VP^fl, -e LTf#S> 
fifc-fr yyMZ'OK >T HJEffl l ~ 4 4: E«£8I£ & ?? -> 
fc. »fcilfctt*{i£2fc^-fci39T'**. 
£StHl 4-17 

■fL-^feP b O Sr „ P b jmtf 1 J: MS ir>* 3 tc^Six 
l^tUit^l <fc 0 IZ%& L , * LT T a 2 Os £3? 3 1 
& Jtra&flii LfcfcWiHttW 1 - 4 1 RflKc LT 

1 -4 k H«*«S6*ff o fc . # &*ifc*S*tt* 3 (Ctk 
tifcO-Cfcl.. ifc. TajOs <7>fU>9^Sb 2 03. 
tfctfNbsOs *S&jBl,fc*£fci>TaiO* fcBWfc 

[0009] 

fc J: & *>y>T (SiiT 0 , §££1000 

T. 3ffflli^Ag/Pd = 8 0/2 0<0rt»«a*ffiffl-t 

[*1 ] 





Pb 


ZnNb 


Ti 


Zr 






P s 


k33 


£ r 


d33 




ir 






mol 


inol 


mol 


mol 




V 


g/oh3 


% 




X10 _,8 ON 


MPa 






0.99 


0.1 


0.43 


0.47 




1060 


7.81 


73.0 


2048 


438 


93 


0 


0 


%m\2 


0-98 


0.1 


0.43 


0.47 




1060 


7.78 


70.9 


2047 


411 


95 


0 


0 




0.97 


0.1 


0.43 


0.47 




1060 


7.76 


68.2 


1904 


3A5 


95 


0 


0 




0.96 


0.1 


0.43 


0.47 




1060 


7.74 


662 


1732 


326 


118 


0 


0 






0.1 


0.43 


0.47 




1200 


7.87 


66.7 


1468 


318 


88 






i 


1060 


7.65 


63.6 


1406 


303 


80 









[»2 3 



(5) ^§12001-181035 

7 





Fb 


ZnNb 


Ti 


Zr 






p $ 


k33 


£ r 


d33 




Pa 


I 1 




rxwl 


mol 


mol 


mol 






g/cm3 


% 




X10* 1J CVN 


MPa 


5 




0.1 


0.43 


0.47 


0.4 Tj205 


1000 


7.97 


73.4 


1634 


380 


i 96 


o 


o 


960 


7.94 


70.0 


1453 


331 


117 


6 


1 


0.1 


0.43 


0.47 


0.6 Ta2Q5 


1000 


7.97 


73.0 


1654 


377 


104 


0 


© 


960 


7.88 


70.4 


1468 


338 


114 


SSJSI&J7 


— 


0.1 


0.43 


0.47 


1.0 1*205 


1060 


789 


71.4 


1595 




zA 


o 


o 


1000 


7.85 


70.6 


1465 


315 


101 






0.1 


0143 


0.47 


u.i lazos 


1200 


7.88 


7?.* 


1519 


1 376 


97 


o 


X 


1060 


7.45 


wr 












0.1 


0.43 


0.47 


2.0 Ti205 


\M 


7.99 


69.9 


1419 


i 388 


121 


o 


x 


1060 


6.19 


UN 








III M Mi n 




0.1 


0.43 


0.47 


a4 Nh205 


1000 


7.94 


7Z7 


1662 


376 


105 


o 


0 


960 


7.82 


70.8 


1419 


337 


116 


9 


1 


0.1 


0.43 


0.47 


0.6 Nb2Q5 


1060 


7.92 


72.7 


1871 


401 


105 


0 


© 


1000 


7.75 


69.5 


1627 


359 


112 


10 




0.1 


0.43 


0.47 


1.0 Nb205 


1060 


7.88 


70.6 


1652 


355 


102 


o 


o 


1000 


7.72 


68.4 


1412 


31 B 


109 




1 


0.1 


0.43 


0.47 


0.2 Nb205 


1200 


7.86 


74.2 


2255 


473 




0 


X 


\W) 


7.40 


Mr J 








Mm s 




0.1 


0.43 


0.47 


2.0 Nb205 


1200 






MS? 


346 


128 


0 


X 


1060 


6.10 


«r 












0.! 


0.43 


0.47 


0.4 Sb203 


1000 


756 


72.6 


LS65 


362 


98 


0 


0 




1#\ 


m 


mx 


330 


107 






0.1 


0.43 


0.47 


0.6 5b203 


IW> 




73.0 


1611 


375 


109 


0 


o 


1000 


7.75 


70.1 


1405 


325 


»w 


$JS#I 13 




0.T 


0.43 


0.47 


1.0 Sb203 


1060 


7.S9 




JM 


329 


104 


0 


o 


iopp 




w»3 




m 


IIP 


mm 




0.1 


0.43 


0.47 


0.2 SU203. 


1200 


7.95 


73.1 


1563 


370 


94 


o 


X 


1060 




mi 








jura 7 




0.1 


0.43 


0.47 


2.0 Sb203 


m 






-1222. 


324 


125 


0 


X 


m 















Pb 


ZnNb 


Ti 


Zr 






P s 


k33 


£ r 


d33 




mm 

3M 






mol 


mol 


mol 


mol 


wt% 


■c 


g/cm3 


% 




X10"C/N 


MPa 


^££01 14 


0.99 


ai 


0.43 


0.47 


0.4T»2O5 


1060 


7.85 


74.2 


2038 


440 


110 


O 


O 


tfc&ffl 15 


0.98 


0.1 


0.43 


0.47 


0.4 Ta205 


1060 


7.84 


7L5 


1983 


402 


116 


0 


O 




0.97 


0.1 


0.43 


0.47 


0.4 Ta205 


1060 


7.82 


69.3 


I860 


365 


121 


o 


O 


^E0i 17 


0.96 


0.1 


0.43 


0.47 


0.4 Ta205 


1060 


7.77 


67.2 


1710 


330 


123 


0 


o 



(&nWt®&ta : tt£ilL&< 1 0 0 OX:-©, 1 0 0 0 I 0 6 0*C-O<^fifi-X 



7uy h^->-c7)^^ 

F?~A(##) 4G030 
4G031 



AA16 


AA17 


AA20 


AA21 


AA32 


AA40 


AA42 


BA10 


GA21 


GA25 


AA11 


AA12 


AA14 


AA15 


AA26 


AA32 


AA34 


BA10 


GA06 


GA09 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is the piezo-electric ceramic constituent used for piezoelectric transducers, su 
as the piezo-electric sounding body and an electrostrictive actuator, etc., especially Pb(Zn 1/3, Nb 2/3) 03-PbTi03- 
PbZr03. It is related with the piezo-electric ceramic constituent included as a principal component. 
[0002] 

[Description of the Prior Art] It is Pb(Zn 1/3, Nb 2/3) 03-PbTi03-PbZr03 as the former and electrostrictive ceramic 
The electrostrictive ceramics which raised the dielectric constant is known by knowing the becoming ternary system 
electrostrictive ceramics (JP,44-17344,B), and permuting some lead atoms of this ternary system electrostrictive 
ceramics with calcium, strontium, or barium (JP,45-39977,B). Furthermore, the electrostrictive ceramics which 
permuted some lead atoms of the same ternary system electrostrictive ceramics by Ba and Sr for the purpose of 
improvement in specific inductive capacity and an electromechanical coupling coefficient is indicated, and by limitin 
the amount of Pb, Ba, and Sr in the electrostrictive ceramics to the specific range, to JP,3-256379,A, the trouble of th 
variation in the property between products is solved, and the electrostrictive ceramics which raised the piezoelectric 
constant is indicated at JP,61-129888,A. 
[0003] 

[Problem(s) to be Solved by the Invention] Electrostrictive ceramics is widely used for a piezo-electric filter, a 
piezoelectric transformer, an ultrasonic vibrator, the piezo-electric sounding body, the electrostrictive actuator, or the 
piezo-electric buzzer. Especially, as for piezoelectric transducers, such as the piezo-electric sounding body and an 
electrostrictive actuator, a miniaturization and lamination are progressing in recent years. Especially as for the 
electrostrictive actuator, development of the micro electrostrictive actuator to which the use as a micro-actuator for t 
hard disk drive heads of a personal computer attracts attention, and controls minute displacement by submicron orde 
with improvement in recording density is performed briskly. When used as an actuator for displacement control, as f 
especially piezoelectric material, what has piezoelectric [ outstanding ], i.e., the thing which has the big piezoelectric 
constant d, is desirable. Generally, the relation of d**krootepsilon between a piezoelectric constant d, an 
electromechanical coupling coefficient k, and specific inductive capacity epsilon is, and in order to enlarge a 
piezoelectric constant d, an electromechanical coupling coefficient k and specific inductive capacity epsilon must be 
enlarged. Moreover, if the miniaturization of a piezoelectric device and lamination progress, the mechanical strength 
a component is fallen, and the possibility of breakage will become large when driving processing and the component 
manufacture. Therefore, the fall of the manufacture yield and the fall of the dependability of a product arise. Therefo 
the good piezo-electric ceramic constituent of a mechanical strength is required. Moreover, development of a 
laminating mold piezo electric crystal component is also performed briskly. Conventional Pb(Zn 1/3, Zb 2/3) 03- 
PbTi03-PbZr03 The becoming burning temperature of ternary system electrostrictive ceramics is about 1200 degree 
C and an elevated temperature. For this reason, when a laminating mold piezo electric crystal component was produc 
with this piezo-electric ceramic constituent, expensive noble metals like the platinum which can bear that burning 
temperature, or palladium had to be used as an internal electrode, and there was a problem that a manufacturing cost 
was high. If burning temperature can be made low, it will become possible to use a cheaper silver-palladium alloy as 
internal electrode. When there are many the cost of palladium being high when using a silver-palladium alloy as an 
internal electrode, and contents of palladium, since an oxidation reduction reaction is produced, and a crack and 
exfoliation are produced in a lifting and a laminating mold piezo electric crystal component while palladium calcinat 
it is required that the percentage of palladium should be 30% or less. In order to make the rate of palladium 30% or 
less, it is necessary to make desirably 1 150 degrees C or less of burning temperature into 1 120 degrees C or less from 
an Ag-Pd system phase diagram. For this reason, conventional Pb(Zn 1/3, Nb 2/3) 03-PbTi03-PbZr03 In producing 
laminating mold piezo electric crystal component with the piezo-electric ceramic constituent of a system, it needs 
complicated actuation of pulverizing temporary-quenching powder or carrying out HIP processing. In order to lower 



manufacturing cost furthermore and to make the rate of palladium 20% or less, it is necessary to make desirably 105 
degrees C or less of burning temperature into 1000 degrees C or less. When burning temperature becomes low, the 
energy expenditure of the electric furnace used for baking will also become low. Therefore, the purpose of this 
invention is offering the piezo-electric ceramic constituent which has the outstanding piezo-electric property, and ha 
sufficient mechanical strength also when it is processed into a micro and thin component. Furthermore, the purpose o 
this invention is offering the piezo-electric ceramic constituent which can be calcinated at comparatively low 
temperature. 
[0004] 

[Means for Solving the Problem] This invention is basic empirical formula Pb[(Znl/3Nb 2/3) x Tiy Zrz] 03. In the 
oxide constituent expressed When the atomic ratio of Pb is made into the fixed range smaller than 1, or when a kind 
oxide which the atomic ratio of Pb is one or less, and is chosen from Ta 205 of a constant rate, Sb203, and Nb205 i 
added at least It can calcinate at comparatively low temperature, and is based on discovery that the piezo-electric 
property and mechanical strength are also improved. That is, this invention for attaining the above-mentioned purpos 
is the following basic empirical formula :P bA [(Znl/3Nb 2/3) x Tiy Zrz] It is the piezo-electric ceramic constituent 
which consists of an oxide constituent expressed with B03 (the inside of a formula, and A, Bx, y and z are atomic 
ratios which fill following condition:0.96 <=A/B<1 x+y+z=10.05 <=x <=0.400.1 <=y<=0.50.2 <=z<=0.6). 
Furthermore, this invention is following basic empirical formula-bA[(Znl/3Nb 2/3) x Tiy Zrz] B03 (among a formu 
As opposed to the oxide constituent expressed A, Bx, y, and z - following condition: 0.96<=A/B<=lx+y+z= - the 
atomic ratio which fills 10.05<=x<=0.400.K=y<=0.50.2<=z<=0.6 - it is - It is the piezo-electric ceramic constitue 
characterized by adding at least more [ and ] a kind of oxides chosen from Ta 205, Sb203, and Nb205 than 0.2 % o 
the weight in 1 .0 or less % of the weight of the range. 
[0005] 

[Embodiment of the Invention] Oxide constituent PbA [(Znl/3Nb 2/3) x Tiy Zrz] B03 When it sets and a presentatio 
ratio satisfies 0.96 <=A/B<1 and x+y+z=l (however, it is 0.05<=x<=0.40;0.K=y<=0.5; and 0.2<=z<=0.6), even if i 
calcinates at comparatively low temperature, the piezo-electric ceramic constituent which has a big dielectric constan 
and a big electromechanical coupling coefficient can be obtained. If presentation ratio A/B is made smaller than 0.96 
dielectric constant and an electromechanical coupling coefficient will become small. A dielectric constant increases 
that it increases, but since Nb raw material is expensive, the presentation ratio x of (Znl/3Nb 2/3) is unsuitable for m 
production. If x is smaller than 0.05, a dielectric constant and an electromechanical coupling coefficient will be low, 
and a required piezo-electric property will not be acquired. The presentation ratio z of the presentation ratios y and Z 
of Ti influences a dielectric constant and an electromechanical coupling coefficient greatly, and near a mol photogra 
ROPIKKU phase boundary is especially desirable. As for the presentation ratio x, and y and z, in this invention from 
these points, it is desirable that it is 0.05<=x<=0.40, 0.1<=y<=0.5, and 0.2<=z<=0.6 (however, it is contingent [ on 
being x+y+z=l ]). 

[0006] [ when presentation ratio A/B of the above-mentioned oxide constituent is 0.96 <=A/B<=1 ] In order to obtai 
the piezo-electric ceramic constituent which has the anti-chip box reinforcement which was excellent while having a 
big dielectric constant and a big electromechanical coupling coefficient at comparatively low temperature, [ calcinate 
it / and ] It is desirable to add at least more [ and ] a kind of oxides chosen from Ta 205, Sb203, and Nb205 than a 
total of 0.2 % of the weight in 1.00 or less % of the weight of the range to the above-mentioned oxide constituent. Th 
effectiveness of addition is not fully demonstrated as the addition of these oxides is 0.2 or less % of the weight, but 
when 1.0 % of the weight is exceeded, baking at low temperature becomes impossible, calcinating becomes 
insufficient, and it becomes impossible to, obtain a property and sufficient mechanical strengths, such as a dielectric 
constant satisfactory as electrostrictive ceramics, and an electromechanical coupling coefficient, on the other hand. 
[0007] The piezo-electric ceramic constituent of this invention can be manufactured by the following approach. As a 
start raw material By PbO, Ti02, Zr02, ZnO and Nb 205, or baking The compound which may change to these oxid 
(oxide 1); by at least one oxide or baking chosen from SrO, BaO, and CaO The compound (oxide 3) which may chan 
to these oxides by at least one oxide or baking chosen from compound (oxide 2); which may change to these oxides 
Ta 205, Sb203, and Nb205 can be used. Weighing capacity of the specified quantity of each oxide is carried out, an 
wet blending is carried out using a ball mill etc. When adding an oxide 3, you may add, after carrying out temporary 
baking of the mixture of an oxide 1 and an oxide 2. As a slurry medium in the case of wet blending, it is desirable to 
use alcohol or such mixture, such as water and ethanol. After fully mixing a start raw material, temporary baking is 
carried out at about 800-1000 degrees C for about 1 to 3 hours. Wet grinding of the obtained temporary-quenching 
product is carried out using a ball mill etc. Also in this wet grinding, it is desirable to use alcohol or such mixture, su 
as water and ethanol, as a mixed medium. As for wet grinding, it is desirable to carry out until the mean particle 
diameter of a temporary-quenching product is set to about 0.5-2.0 micrometers. The powder of the temporary- 
quenching product obtained by wet grinding is dried, and to desiccation powder, water or binders (for example, 
polyvinyl alcohol etc.) are small-quantity(about 0.5 - 8 % of the weight )-added, and are kneaded. Press forming oft 



obtained paste is carried out putting the pressure of about 98 to 392 MPa (reduced property of 1 - 4 ton/cm2), and 
molding is "obtained. The extrusion casting method and other casting methods can be used for shaping. Subsequently 
molding is calcinated at about 960-1200 degrees C for about 2 to 5 hours, and electrostrictive ceramics is obtained. 
Baking can be performed in the ambient atmosphere where oxygen tension is higher than the inside of atmospheric a 
and atmospheric air, or a pure oxygen ambient atmosphere. 
[0008] Hereafter, an example explains this invention more concretely. 

[Example] Examples 1-4 and example of comparison lPbO, and Ti02, Zr02, ZnO and Nb 205 Each compound was 
mixed so that a metallic element might become the mole ratio shown in Table 1 . After having added water so that 
slurry concentration might become 40 - 50% to this mixture, and carrying out wet blending for 5 hours using a ball 
mill, temporary baking was carried out at 900 degrees C for 2 hours. Water was added so that slurry concentration 
might become 40 - 50% to this temporary-quenching product, and wet grinding was carried out for 15 hours using th 
ball mill. 6% of the weight after drying the obtained slurry of water - adding - the pressure of 39.2MPa (reduced 
property of 400 kgf/cm2) - 1 shaft pressurization molding - carrying out - further - hydrostatic-pressure molding 
between the colds was carried out by the pressure of 392MPa(s) (reduced property of 4 ton/cm2), and the prism of 
20mm angle was produced. It calcinated in 2-hour atmospheric air at the temperature which shows this prism in Tab 
1, and electrostrictive ceramics was obtained. The 1.2mmxl.2mmx5.0mm prism was produced having applied the 
obtained electrostrictive ceramics to slice processing, lap processing, and dicing processing. The silver paste was 
printed to the both ends of this prism, and after carrying out by the ability being burned at 700 degrees C, polarizatio 
processing was performed in 150-degree C silicone oil. Thus, after leaving the obtained sample for 24 hours, k33 of 
sample, epsilond (1kHz), and d33 were measured according to EMAS-6100 using impedance analyzer HP4194A 
(product made from Hewlett Packard). The obtained result is as being shown in Table 1 . Moreover, the 
2mmx4mmx0.6mm (thickness) sample was produced, having applied separately the electrostrictive ceramics obtaine 
above to slice processing, lap processing, and dicing processing. The digital load test machine was used and the anti- 
chip box reinforcement of this sample was measured according to JIS (R1601). The distance between the supporting 
points and the loading speed of the Measuring condition at this time were 2.0mm0.5mm/min., respectively. The 
obtained result is as being shown in Table 1 . 

Examples 5-13 and example of comparison 2-7PbO, and Ti02, Zr02, ZnO and Nb 205 Become the mole ratio by 
which a metallic element is shown in Table 2 about each compound. It mixed and the measurement same about the 
sample which obtained the sample like examples 1-4 except having added the compound chosen from Ta 205, Sb20 
and Nb205 in the amount shown in Table 2, and was obtained as examples 1-4 was performed. The obtained result i 
as being shown in Table 2. 

14 to example 17 compound PbO was mixed so that it might become the mole ratio by which Pb element is shown in 
the table 3 smaller than 1, the sample was obtained like examples 1-4 except having added Ta 205 in the amount 
shown in Table 3, and the measurement same about the obtained sample as examples 1-4 was performed. The obtain 
result is as being shown in Table 3. Moreover, Ta 205 It is Sb 203 or Nb205 to instead of. Also when it adds, it is T 
205. An equivalent result is obtained. 
[0009] 

[Effect of the Invention] It excels extremely, since it can calcinate below 1000 more degrees C, a piezo-electric 
property and anti-chip box reinforcement can use the cheap internal electrode of Ag/Pd=80/20 in production of a 
laminating mold piezoelectric device, therefore the electrostrictive ceramics of this invention has them as ingredients 
such as an actuator and the sounding body, especially a charge of laminating mold piezoelectric-device material. [ ve 
useful ] 
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[Translation done.] 



